A preliminary report dealing with the ultrastructural effects of culture in a 99.8 % D20 (deuterium oxide) environment on winter rye (Secale cereale L. cv. Winter) is presented. In general, the cells of D20-cultured seedlings appeared similar to the cells of H20-cultured seedlings. However, differences were found in chloroplast and dictyosome morphology, and ribosome number.
The biological effects of D20 have been the subject of many investigations since Urey et al. (10) first discovered the compound in 1932. The vast majority of the early studies involved only a cursory recording of the changes that could be observed when the test organisms were placed in a D20-enriched solution (2). The general conclusion reached through these experiments was that high concentrations of D20 are generally toxic to biological systems, however, the mechanism of this toxicity remained unclear.
Following the successful culturing of several species of green algae in essentially 100% D20 by Chorney et al. (1), the question of D20 toxicity and its mechanism was extensively studied by Katz et al. (6, 7) and several other investigators (1-4). This work suggested that the effects of D20 on biological systems could be explained by the kinetic isotope theory. This theory, however, cannot account for the high toxicity of D20 to higher life forms. Seed plants for example cannot, in general, tolerate concentrations of D20 greater than approximately 70% (2). In 1964, however, Siegel and his coworkers (9) reported that seeds of the grass winter rye were able to germinate and grow for a limited time in 99.5% D20.
This paper is a preliminary report of an ultrastructural examination of D20-cultured winter rye that attempts to find some explanation for the high toxicity of D20 to higher plants or give some indication as to why winter rye is at least partially resistant to this toxicity. METHODS For electron microscopic study, the plant tissue was fixed in Karnovsky's fixative (5), postfixed in osmium tetroxide, dehydrated with ethanol, treated with propylene oxide, and embedded in epoxy resin. Thin sections were cut with a diamond knife on a Porter-Blum MT-2B ultramicrotome and placed on copper grids. Sections were double stained with uranyl acetate followed by lead citrate (8) . The sections were viewed and photographed with a Hitachi HS-8-1 electron microscope operated at 50 kv. RESULTS 
AND DISCUSSION
Winter rye seedlings cultured in 99.8% D20 for 9 days appear to be at the same developmental stage as plants grown in H20 for approximately 2 days. These plants have a well formed root and a mature coleoptile which encloses the first leaf and are similar in gross morphology (Table I) . Root growth, however, is inhibited in the D20-cultured plants.
The similarity between plants cultured in H20 and D20 is also evident at the ultrastructural level (Fig. 1, A [H20] and B [D20]). Unlike the microorganisms grown in D20 which have been reported to exhibit a "less well organized pattern (of growth and development) than do ordinary microorganisms" (2), the cells of D20-cultured winter rye appear similar to cells of H20-control plants. It had been expected, in light of the results with microorganisms, that some disruption at the ultrastructural level would be found. This, however, has not proven to be the case.
The lack of any major difference in ultrastructural detail between the two types of tissue is puzzling. Indeed, except for some minor, although not necessarily insignificant differences (e.g. dictyosome morphology, ribosome number, and chloroplast structure), the deuterated cells seem normal. The functionality of these cells is suggested by the presence of starch This study then, did not reveal any major difference in ultrastructural detail between cells of H20-and D20-cultured plants. LITERATURE 
